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Objectives. The purpose of this study was to determine the 
prevalence of intracoronary thrombus and associated anatomic 
abnormalities in patients with postinfarction angina using coro- 
nary angioscopy and angiography. 
Background. Postinfarction angina, previously studied by an- 
giographic methods only, identifies patients at high risk for 
sudden death, recurrent angina and refractory angina. The recent 
development of coronary angioscopy, which permits direct obser- 
vation of a thrombus or atheroma nd is especially used for the 
detection of intraluminal changes, encourages a reexamination f
the pathogenesis of postinfarction angina. 
Methods. Fifty-one consecutive patients with a diagnosis of 
acute myocardial infarction underwent cardiac catheterization. 
Coronary angiography followed immediately by coronary angios- 
copy was performed in 17 patients with and 34 without postin- 
farction angina during the same period of time (10.2 + 3.7 or 
15.7 -+ 5.5 days [mean -+ SD]) after the onset of acute myocardial 
infarction. 
Results. The frequency of thrombus, as observed by angioscopy, 
was significantly higher in patients with than without postinfarc- 
tion angina (17 of 17 vs. 5 of 34, respectively, p < 0.01). There were 
no significant differences between groups with respect to degree of 
stenosis in the infarct-related artery, number of vessels with 
significant stenosis, presence of collateral flow, type of therapy 
and risk factors. 
Conclusions. Infarct-related artery thrombus is universally 
present in postiufarction angina and may be the primary patho- 
genic factor. Angioscopy is much more sensitive than coronary 
angiography for the detection of coronary thrombus. 
(J Am Coll Cardiol 1995;25:1282-5) 
Postinfarction angina, that is, unstable angina that occurs after 
acute myocardial infarction, identifies patients at high risk for 
sudden death, recurrent infarction and refractory angina that 
require revascularization (1,2). Postinfarction angina occurs in 
15% to 26% of patients after acute myocardial infarction 
(2-4). 
A number of pathophysiologic mechanisms have been 
suggested as contributors to postinfarction angina. Chief 
among these are such factors as residual severe coronary 
stenosis in the infarct territory (2-6), reduction in collateral 
blood flow to a border zone adjacent to the infarct segment (2), 
coronary thrombosis (7,8) and coronary spasm (9,10). How- 
ever, these findings are all based on studies performed by 
coronary angiography. Although angiography is a powerful 
diagnostic tool, it can display only the shadow of lumen 
From the First Department of Internal Medicine, National Defense Medical 
College, Saitama nd *Department of Internal Medicine, Nippon Medical 
School Chiba Hokusou Hospital, Chiba, Japan. Dr. Tabata was supported bythe 
National Defense Medical College of Japan, Tokorozawa, during this study. 
Manuscript received June 13, 1994; revised manuscript received October 27, 
1994, accepted January 4, 1995. 
Address for correspondence: Dr. Kyoichi Mizuno, The Department of 
Internal Medicine, Nippon Medical School Chiba Hokusou Hospital, 1715 
Kamakari Inba, Chiba 270-16, Japan. 
changes and therefore may be limited in investigating the 
causes of postinfarction angina. 
The recent development of coronary angioscopy (11) per- 
mits better direct color visualization of coronary thrombus and 
associated atherosclerotic plaque than conventional angiogra- 
phy. Therefore, the present investigation used percutaneous 
transluminal coronary angioscopy to reexamine the pathogen- 
esis of postinfarction angina. 
Methods  
Patients. During January 1992 to November 1992, 92 con- 
secutive patients admitted with the diagnosis of acute myocar- 
dial infarction to National Defense Medical College Hospital 
were enrolled in the study. All patients were given heparin, to 
achieve a target activated clotting time for 72 h, and 81 rag/day 
of aspirin after admission. 
Before angioscopy, the procedures involved were explained 
to the patients, and informed consent and approval by our 
Institutional Review Board were obtained. In 19 patients, 
written informed consent for angioscopy was not obtained. 
Fifteen patients excluded from consideration for angioscopy 
included those with disease affecting the left main coronary 
artery or an equivalent amount of myocardium (six patients), 
or poor left ventricular function (ejection fraction < 30%) (five 
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patients) or affected arteries that were too small to allow the 
passage of the angioscope (four patients). 
Percutaneous transluminal coronary angioscopy was at- 
tempted in the remaining 58 patients -2  weeks after the onset 
of acute myocardial infarction. Of 58 consecutive patients, 7 
were excluded from this study because adequate angioscopic 
pictures could not be obtained. Of the remaining 51 patients, 
there were 17 with and 34 without postinfarction a gina. These 
two sets of patients, therefore, constituted our study group. 
Therapy at the onset of acute myocardial infarction and 
clinical history, smoking, age and other clinical variables were 
similar between exclusion groups and inclusion groups. 
Definition of postinfarction angina. Following the criteria 
of Schuster and Bulkley (2), postinfarction a gina in this study 
was defined as an anginal pain occurring at rest or minimal 
exertion between 24 h and 4 weeks after a documented acute 
myocardial infarction. This diagnosis also required the record- 
ing of transient ST segment depression or elevation of -> 1 mm, 
or inversion or pseudonormalization of the T wave during the 
episode of chest pain and a blood sample showing elevation of 
the serum creatine kinase level under the upper limit of normal 
or the absence of its MB fraction. 
Coronary artery examination. Fifty-eight consecutive pa- 
tients underwent coronary angiography followed immediately 
by angioscopy. This was performed before discharge in pa- 
tients with no chest pain or, in those with chest pain, at the 
time of onset of anginal pain and when electrocardiographic 
changes indicated that infarction had occurred. In this study, 
all angioscopic findings were obtained before intervention if 
clinical indications of coronary intervention were present at 
that time. Left ventriculography was performed at the same 
time as angioscopy. 
Coronary angioscopy. Details of the angioscopic procedures 
used in the present study have been reported previously (12). 
Before the angioscopic procedure, all patients were given 5,000 U 
of intravenous heparin. The angioscopic catheter (Mitsubishi 
Cable Industries, not commercially available) used is 1.55 mm in 
outer diameter and 1.2 m in length, and its distal end (10 cm) is 
tapered to decrease its outer diameter to 1.22 mm. 
Angioscopic pictures were recorded on an FCA-8000 (Fukuda 
Denshi Co., Ltd., Tokyo, Japan) and were reviewed by at least 
two observers who were not involved in the angioscopic proce- 
dures and were unaware of the clinical data and angiographic 
findings. The interpretations agreed in all cases. 
The following definitions based on angioscopic observations 
were used in this study: 1) thrombus = a coalescent red or 
white mass, or both, adhering to the intima or protruding into 
the inner lumen that persisted despite flushing with saline 
solution; 2) intimal irregularity = plaque with a ragged or 
irregular surface or an ulcerated plaque; 3) xanthomatous 
plaque = plaque with solid yellow coloration that can be clearly 
distinguished from other intima. Coronary thrombi could be 
readily categorized according to color; those that were grayish- 
white in appearance with little or no red were termed white 
thrombi, and those that appeared to have mixed red and white 
coloration were termed mixed red-and-white thrombi. This 
distinctive dichotomy is consistent with that reported by Mi- 
zuno et al. (13). The angioscopic pictures were recorded on 
videotape, and serial movement readily evident on surface of 
the thrombus clearly distinguished white thrombus from the 
underlying arterial wall and the intimal flap. 
Coronary angiography. In the angiographic examinations, 
each artery was filmed in four to six projections, including 
special angulated views in the sagittal plane (35-ram cine film; 
512 × 512 pixel, 8-bit digital, Toshiba DFP-60A; DVR-10 
videotape, Sony). Contrast medium was Iopamiron 370. All 
angiographic mages were interpreted by a consensus of more 
than three observers unaware of the clinical status of the 
patients. The infarct-related stenosis was analyzed by Cardio 
500 (Kontron Etektronik GmbH). 
In the angiographic findings, stenosis was considered signif- 
icant when the lumen diameter was decreased by ->75%. The 
angiographic morphology of the coronary stenosis was de- 
scribed according to the following criteria (14): 1) complex 
morphology = stenosis with irregularity or overhanging, or 
both; 2) coronary artery thrombus =filling defect surrounded by 
contrast medium at the site of stenosis or lumen staining at the 
site of stenosis or total occlusion. 
Statistical analysis. Variables obtained from history, physi- 
cal examination, angioscopic f ndings and angiographic data were 
examined by the chi-square test for discrete variables and a 
Wilcoxon test for continuous variables. The Fisher exact test was 
used when the expected value for a cell was <5. All p values were 
two-tailed. Differences were considered significant at p < 0.05. 
Results  
Angioscopy. Angioscopy was performed in the infarct-related 
artery 10.2 _+ 3.7 or 15.7 _+ 5.5 days (mean _+ SD) after onset of 
acute myocardial infarction in the postinfarction a d non-postin- 
farction angina groups, respectively; the difference was not signif- 
icant. There were no differences in anticoagulant and antiplatelet 
therapy between the two groups during those periods. 
Except for postinfarction a gina, the two groups of patients 
in this study were remarkably similar with respect o age, 
gender, associated isorders, previous history and types of 
therapy at the onset of acute myocardial infarction (Table 1). 
With respect to thrombolytic therapy, of 8 patients with angina, 
7 received recombinant tissue-type plasminogen activator 
(rt-PA), and 1 received urokinase. Of 20 patients without 
angina, 17 received rt-PA, and 3 received urokinase (p = NS 
between groups). However, the groups did differ with respect 
to angiographic frequency and type of thrombus (Fig. 1). 
Thrombi were detected in all 17 patients with postinfarction 
angina (12 with white thrombi, 5 with mixed white-and-red 
thrombi), but in the 34 patients without postinfarction a gina, 
only 5 had thrombi (2 with white thrombi, 3 with mixed 
white-and-red thrombi) (p < 0.01) (Table 2). There were no 
differences between groups with respect o irregular intimal 
surface (47.1% vs. 44.1%), including plaque rupture (29.4% vs. 
29.4%), ulceration (11.8% vs. 11.8%) and intimal flap (5.9% 
vs. 2.9%) or xanthomatous plaque (47.1% vs. 52.9%) (Table 2). 
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Table 1. Baseline Characteristics of 51 Study Patients 
Postinfarction Angina 
Present* Absent* 
(n = 17) (n - 34) 
Age 56 = 8 57 - 10 
Male gender 12 (71) 26 (76) 
Smokers 10 (59) 20 (59) 
Associated conditions 
Hypertension II (65) 16 (47) 
Diabetes 5 (29) 9 (26) 
Hyperlipidemia 10 (59) 18 (53) 
Previous MI 3 (18) 4 (12) 
Previous angina 5 (29) 7 (21) 
Non-Q wave MI (at admission) 4 (24) 1 (3) 
Therapy at onset of AMI 
Thrombolysis 8 (47) 20 (59) 
Coronary angioplasty 6 (35) 11 (32) 
Therapy after onset of AMI 
Heparin (infusion for 72 h after onset) 17 (100) 34 (100) 
Aspirin (81 mg/day) 17 (100) 34 (100) 
Nitrates 17 (100) 34 (100) 
Calcium antagonist 17 (100) 34 (100) 
Beta-blocker 8 (47) 18 (53) 
*p = NS for between-group differences. Data presented are mean value _+ 
SD or number (%) of patients. AMI = acute myocardial infarction; MI = 
myocardial infarction. 
Angiography. The two groups of patients were also re- 
markably similar with respect o angiographic findings (Table 
3). No significant differences were seen in degree of stenosis in 
the infarct-related artery, number of vessels with ->75% ste- 
nosis, site of the culprit lesion and presence of collateral f ow. 
Angiography revealed complex morphology in seven patients 
with and five without postinfarction angina and thrombi n six 
patients with and four without postinfarction angina. 
No significant differences between groups were seen with 
Figure 1. Angioscopic findings in a patient with postinfarction angina. 
Guide wire can be seen in the upper left, and mixed white-and-red 
thrombus can be seen in the lower right. 
Table 2. Angioscopic Observations 
Postinfarction Angina 
Present Absent 
(n = 17) (n = 34) 
Thrombus 17 (100)* 5 (15)* 
White 12 2 
Mixed white and red 5 3 
Irregular surface 8 (47) 15 (44) 
Xanthomatous plaque 8 (47) 18 (53) 
*p < 0.01, significant difference between groups only with respect to 
angiographic presence of thrombi. Data presented are number (%) of patients. 
respect to left ventricular ejection fraction (46 _+ 8% vs. 41 _+ 
9%, respectively) (Table 3). 
During angioscopy, no major complications such as acute 
myocardial infarction, death or bypass urgery, occurred, and 
no patient had transient ST segment elevation or coronary 
spasms. 
Discussion 
Pathogenesis of postinfarction angina. The pathogenesis 
of postinfarction angina has not been fully elucidated. It has 
been reported that the occurrence of postinfaretion angina 
correlates with the following factors: severity of coronary 
artery disease (2-6), reduction in collateral flow (2), coronary 
thrombosis (7,8) and coronary spasm (9,t0). It must be noted 
that these studies were carried out using only coronary angiog- 
raphy, the best technique available at the time. However, a 
newer technique, coronary angioscopy, is now available and 
has been demonstrated to be more sensitive and specific than 
angiography in detecting intracoronary thrombus and ulcer- 
ated plaque and their depiction in color (11,15,16). 
The role of thrombus has been established in the patho- 
physiology of acute myocardial infarction as well as in unstable 
angina (11,14,16,17). However, with regard to postinfarction 
angina, to our knowledge the presence of thrombi in the 
infarct-related artery has not been directly demonstrated until 
now. The results of the present angioscopic study clearly reveal 
the presence of thrombi in the infarct-related artery in all 
patients with but in only 5 of 34 without postinfarction angina 
(p < 0.01). This suggests that coronary thrombus plays an 
important role, perhaps even a primary one, in the pathogen- 
esis of postinfarction angina. 
Coronary artery spasm has been proposed as another 
possible cause of postinfarction angina. Using an angiographic 
technique, Koiwaya et al. (10) found coronary spasm in one of 
six patients with postinfarction angina and reported the effec- 
tiveness of a calcium antagonist. However, in the present study, 
calcium antagonists were not effective in preventing postinfarc- 
tion angina, suggesting, therefore, that coronary spasm is 
probably not a primary cause of postinfarction angina. Because 
previous investigators (18) suggested that the platelet and 
thrombin deposition process may be the underlying basis for 
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Table 3. Angiographic Findings 
Postinfarction Angina 
Present* Absent* 
(n 17) (n 34) 
Infarct-related artery 
Diameter stenosis (%) 78.6 _+ 17.8 80.2 _+ 16.9 
Minimal lumen diameter (ram) 0.56 = 0.12 0.54 _+ 0.11 
Reference vessel diameter (ram) 2.57 = 0.92 2.48 _+ 0.81 
No. of vessels with >75% stenosis 
0 1 (6) 4 (12) 
1 8 (47) 18 (53) 
2 7 (41) 9 (26) 
3 1 (6) 3 (9) 
Site of culprit lesion 
LAD 11 (65) 23 (68) 
LCx 3 (18) 6 (18) 
RCA 3 (18) 5 (15) 
Collateral flow present 4 (24) 6 (18) 
Thrombus 6 (35) 4 (12) 
Complex morphology 7 (41) 5 (15) 
Ejection fraction (%) 40 _+ 8 41 _+ 9 
*p - NS for between-group differences. Data presented are mean value - 
SD or number (%) of patients. LCx (LAD, RCA) left circumflex (left anterior 
descending, right) coronary artery. 
coronary spasm, the coronary thrombus itself must be the 
primary cause of postinfarction a gina. 
In our study, although all 17 patients with postinfarction 
angina had thrombi, 12 were found to have white thrombi, and 
the other 5 had mixed white-and-red thrombi (Table 2). 
However, angioscopy is limited in that it cannot evaluate the 
inside of the thrombus. Thus, the characteristics of the throm- 
bus need to be confirmed by direct examination. 
Residual thrombus i a more thrombogenic substrate than 
deeply injured arterial wall (19). Thrombin activity is increased 
in patients experiencing acute myocardial infarction (20) and is 
increased even more after rt-PA administration (21,22). Al- 
though conventional antiplatelet agents and anticoagulant 
agents were not able to prevent postinfarction angina in our 
series, we suspect that more aggressive ornew antiplatelet (23) 
and anticoagulant agents (24) may be required to deal effec- 
tively with postinfarction a gina. 
Limitations of angioscopy. Although angioscopy can eval- 
uate the presence of thrombus and the intimal changes, it 
cannot evaluate the inside of the vessel wall. Intravascular 
ultrasound issuperior to angioscopy for detecting plaque area 
or the changes inside of the vessel wall. Good angioscopic 
visualization cannot be obtained in the sharp turns of the 
coronary artery because of lack of coaxial alignment of the 
angioscope within given lumen segments. 
Conclusions. Although there are numerous possible causes 
of postinfarction angina, including biochemical defects in the 
intrinsic fibrinolytic system or local plaque biochemistry, that 
must be considered, we conclude that thrombus, particularly 
white thrombus, ismost likely a primaw cause of postinfarction 
angina. 
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